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, $\mathbb{C}[\overline{W}]$ $N$ , S $\mathfrak{g}l_{N}(\mathbb{C})$
. M$\circ$d $(\overline{\mathcal{H}}),$ $\mathrm{M},\circ \mathrm{d}(\overline{\mathfrak{g}})$ , ,
$\overline{\mathfrak{g}}=\epsilon l_{m}(\mathbb{C})$ , ,
$\overline{\mathcal{F}}$ : Mod $(\overline{\mathfrak{g}})\cross \mathrm{M}\mathrm{o}\mathrm{d}(\overline{\mathfrak{g}})arrow\dot{\mathrm{M}}\mathrm{o}\mathrm{d}(\overline{\mathcal{H}})$
. , $V(\overline{\mu}),$ $V^{*}(\overline{\lambda})$ $\overline{\mu}$ ,
$\overline{\mathfrak{g}}$ , $\overline{\mathcal{H}}$ $\overline{\mathcal{F}}(V(\overline{\mu}), V^{*}(\overline{\lambda}))$ ,
( 372). S ,
( 38.1).
, $\overline{\mu}$ $\overline{\mathfrak{g}}$ , $\overline{M}(\overline{\mu})$ $\overline{\mu}$ ,
$:=\overline{\mathcal{F}}(\overline{M}(\overline{\mu}), \cdot)$ , $V^{*}(\overline{\lambda})$ BGG
$\overline{\mathcal{H}}$
$\overline{F}(V(\overline{\mu}), V^{*}(\overline{\lambda}))$ resolution (
393).
$\mathcal{H}$ .
, $\mathcal{H}$ $\mathfrak{g}=\mathfrak{s}\iota_{m}(\mathbb{C}\wedge)$ , $\mathcal{F}$
( 443 45).
, $\mathrm{K}\mathrm{Z}$ ([2] ) . $L(\mu),$ $L^{*}(\lambda)$ $\mathfrak{g}$
$p$ , \ell , $\mathcal{H}$ $F(L(\mu), L^{*}(\lambda))$
.
, , ([3] ) .
1degenerate aifine Hecke algebra graded mlfine Hecke algebra
2degenerate double affine Hecke algebra
997 1997 174-189 174
$\overline{\mathcal{H}}$ , $F(L(\mu), L^{*}(\lambda))$ $\mathcal{H}$ , $L^{*}(\lambda)$ BGG
$\mathcal{F}(L(\mu), L^{*}(\lambda))$ resolution ( 452,
4.5.4). , , $\mathcal{F}(L(\mu), L^{*}(\lambda))$
.
2.
2.1. $N$ , $\overline{\mathrm{t}}=\oplus_{i=1}^{N}\mathbb{C}\overline{\epsilon}^{\mathrm{v}}i$ )| $\mathfrak{g}l_{N}(\mathbb{C})$ .
$\{\overline{\epsilon}_{i}^{\vee}\}_{i=}1,\ldots,N$ $(, )$ . $\overline{\mathrm{t}}^{*}$ $\overline{\mathrm{t}}$
, $\{\overline{\epsilon}_{i}\}_{i=1,\ldots,N}$ . $\overline{R}=\{\overline{\alpha}_{ij}=\overline{\epsilon}_{i}-\overline{\epsilon}j|i\neq j\}\subset$
$\overline{\mathrm{t}}^{*}$ , $\overline{R}_{+}=\{\overline{\alpha}_{ij}\in\overline{R}|i<j\}\subset\overline{R}$, $\overline{\Pi}=\{\overline{\alpha}_{i}=\overline{\alpha}_{i}i+1|$
$i=1,$ $\ldots,$ $N-1\}$ . $\overline{R}_{-}=\overline{R}\backslash \overline{R}_{+}$
. $\overline{R}^{\vee}=\{\overline{\alpha}^{\vee}=iji\overline{\epsilon}\mathrm{v}-\overline{\epsilon}_{j}\vee|i\neq j\}\subset\overline{\mathrm{t}}^{*}$ ,
$\overline{R}_{+}^{\vee}=\{\overline{\alpha}_{ij}^{\vee}\in\overline{R}|i<i\}$ , $\overline{\Pi}^{\vee}=\{\overline{\alpha}_{i}^{\vee}\}$ .
–. }$\sim\hslash\mp\overline{Q}=\mathbb{Z}\hat{R},$ $\text{ }$ I P- $=\overline{Q}\otimes_{\mathbb{Z}}\mathbb{C}$ , }$\backslash$ Q-v $=\mathbb{Z}\overline{R}^{\vee}$ ,
PV $=\overline{Q}^{\vee}\otimes \mathrm{z}\mathbb{C}$ .
.
$\overline{\alpha}$ , $s_{\overline{\alpha}}$ , $\overline{W}$ $s_{\overline{\alpha}}$ $A_{N}$
. , $\overline{W}$ $\mathfrak{S}_{N}$ .
2.2. $\mathfrak{g}l_{N}(\mathbb{C})\wedge$ $\mathrm{t}=\overline{\{}\oplus \mathbb{C}c\oplus \mathbb{C}d$ ,
$\iota_{d}’(,\overline{\xi})=0^{c}=\overline{\mathrm{e}}\oplus \mathbb{C}\subset \mathrm{t}\text{ _{}}(\overline{\xi}\in\overline{\mathrm{e}})\text{ _{ }}\mathrm{t}\iota_{}\mathrm{r}\text{ }-\backslash \sqrt R\#’\text{ }\ovalbox{\tt\small REJECT} \text{ }\nearrow\prime \text{ }(, )\iota\mathrm{h}(_{C,c},)=\text{ }_{-}’\{\mathit{0})\text{ }\frac{c}{\ovalbox{\tt\small REJECT}-,\mathrm{B}},\mathrm{a}\text{ }\mathrm{e}^{1}*=\overline{\mathrm{t}}\oplus \mathbb{C}\delta\oplus \mathbb{C}\Lambda_{0}\text{ }0_{\text{ }77}d)=,(d,*d)=0,(C,\overline{\xi})=$
. , 6, $\Lambda_{0}$ , $d,$ $c$ . – $(, )$
, $\mathfrak{t}^{*}$ $\mathrm{t}$ - , $\zeta\in \mathrm{t}^{*}$ $\zeta^{\vee}\in$ { .
$\mathrm{t},$





$R=\{\overline{\alpha}+k\delta|\overline{\alpha}\in\overline{R},$ $k\in \mathbb{Z}\}\subset \mathrm{t}^{*}$ , } $\backslash$
$R_{+}=\{\overline{\alpha}+k\delta|\overline{\alpha}\in\overline{R}_{+},$ $k\geq 0\}$ I $\{\overline{\alpha}+k\delta|\overline{\alpha}\in\overline{R}_{rightarrow},$ $k>0\}$ ,
$R_{-=}R\backslash R+$ , } $\backslash$ \Pi \Pi $=\{\alpha 0, \ldots, \alpha_{N-}1\}$ .
$arrow$ , $\alpha_{0=}\delta-\theta,$ $\alpha_{i}=\overline{\alpha}_{i}(i=1, \ldots, N-1)$ .





. , $w$ $w\in\overline{W}$ \eta -\in P $w$





$\mathrm{t}^{*}$ . (1) t’ , $(\mathrm{t}’)^{*}=\overline{\mathrm{t}}^{*}\oplus \mathbb{C}\Lambda_{0}$
“ ” : $\zeta=\overline{\zeta}+\kappa\Lambda_{0}(\overline{\zeta}\in\overline{\mathrm{t}}, \kappa\in \mathbb{C})$ ,
$s_{\overline{a}}(\zeta)=\zeta-(\overline{\alpha}, \zeta)\overline{\alpha}(\overline{\alpha}\in\overline{R})$ ,
$t_{\overline{\eta}}(\zeta)=(+\kappa\overline{\eta}(\overline{\eta}\in\overline{P})$ .
$\alpha=\overline{\alpha}+k\delta(\overline{\alpha}\in\overline{R}, k\in \mathbb{Z})$ , $s$ $=t_{-k\overline{\alpha}}\cdot S_{\overline{\alpha}}$
, $s_{i}=s_{\alpha}:(i=0, \ldots, N-1)$ . , $\{0, \ldots, N-1\}$ $-$
$\mathbb{Z}/N\mathbb{Z}$ – . , $.\pi=t_{\epsilon_{1}}\cdot S_{1}\cdots s-N-.1$
..
2.3.1. $W$ :
: $s_{i}(i\in \mathbb{Z}/N\mathbb{Z}),$ $\pi^{\pm 1}$ ,
: $s_{i}^{2}=1(i\in \mathbb{Z}/N\mathbb{Z})$ ,
si $si+1s_{i}=si+1$ Si $Si+1(i\in \mathbb{Z}/N\mathbb{Z})$ ,
$s_{i}\cdot s_{j}=s_{j}\cdot$ si $(i-j\not\equiv\pm 1\mathrm{m}\mathrm{o}\mathrm{d} N)$ ,





$W^{a}=\overline{W}\ltimes\overline{Q}=\langle_{S}0, \ldots, sN-1\rangle$ ,
$\Omega=\langle\pi^{\pm 1}\rangle\cong \mathbb{Z}$ . $\cdot$
w\in W , $S(w)=R_{+}\mathrm{n}w-1(R_{-})$ , $w$ $l(w)$ $l(w)=|s(w)|$
. $w=\pi^{k}\cdot S_{j1}\cdots$ S $m=l(w)$
. $\overline{S}(w)=S(w)\mathrm{n}\overline{R}_{\dagger}$ . $\preceq$ 3
.
$s_{w’}\preceq w$ $w’$ $w$ .
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24. $\mathbb{C}[W]$ $W$ , $S[\{’]$ e .
$\mathbb{C}[W]=\mathbb{C}[\overline{P}]\otimes \mathbb{C}[\overline{W}],$ $S[\{’]=S[\mathrm{e}^{J}]\otimes \mathbb{C}[c]$ . $z_{i}=e^{\epsilon}$:
$\mathbb{C}[\overline{P}]$ $\mathbb{C}[z_{1}^{\pm}, \ldots, Z^{\pm}N]$ – .
2.4.1. $\mathcal{H}$ , $\mathbb{C}$
:
(1) $\mathbb{C}$ ,
$\mathcal{H}\cong \mathbb{C}[.W]\otimes S[\{^{J}]$ .
. (2) $\mathbb{C}[W]arrow \mathcal{H},$ $S[\mathrm{t}’]arrow \mathcal{H}$ . ( , $w\in W$ ,
$\xi\in \mathrm{t}$ $w,$ $\xi$ )
(3) :
$c\in Z(\mathcal{H})$ ( $\mathcal{H}$ ),
$s_{i}\cdot\xi-s_{i}(\xi)\cdot S_{i}=-\alpha i(\xi)(i=0, \ldots, N-1, \xi\in \mathrm{t}’)$ ,
$\pi\cdot\xi=\pi(\xi)\cdot\pi(\xi\in\{’)$ .
242. , Cherednik [1] , $\mathcal{H}$ $\mathcal{H}(\kappa)=$
$\mathcal{H}/\{c-\kappa \mathrm{i}\mathrm{d}\rangle$ $(\kappa\in \mathbb{C}^{*})$ .
2.4.3. $\mathcal{H}$
$\overline{\mathcal{H}}=\langle w\in\overline{W},\overline{\xi}\in\overline{\mathrm{e}}\rangle\cong \mathbb{C}[\mathrm{w}]\otimes S\mathrm{n}\mathrm{e}$
$([4|,[5|)$ .
244. , $\mathrm{Y}(\epsilon l_{m})$






(1) $w\in W$ $\xi\in \mathrm{t}’$ , :
$\xi\cdot w=w(\cdot w^{-1}(\xi)+\alpha\in s(\sum w(\alpha)(\xi)_{S_{\alpha}\mathrm{I}}w)$ .
(2) $p\in S[\{’]$ $i=0,$ $\ldots,$ $N-1$ , :
$p\cdot s_{i}-Si(p)\cdot$ $Si=-\triangle i(p)$ .
, $\triangle_{i}(p)=.(\overline{a}^{\nabla}p-Si(1.p))\in S[\mathrm{t}’]$ .
246. (2) , $S(\{)$ $S[\{]$ , $\mathcal{H}$ $\overline{\mathcal{H}}=\mathcal{H}\otimes_{S[\mathrm{t}’]}$
$S(\mathrm{t}’)\cong \mathbb{C}[W]\otimes S(\mathrm{e})$ .
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245 246 , .
: ’. ..2.4.7.
(1) $\mathcal{H}$ $Z(\mathcal{H})\text{ }\mathbb{C}[c][]_{\check{}}-\text{ }$ .
(2) $Z(\overline{\mathcal{H}})$ $S \prod \mathrm{t}^{\overline{W}}$ – . , $S \prod \mathrm{t}^{\overline{W}}$ S W
.
.




$w\cdot f\cdot w^{-1}=w(f)(w\in\overline{W},$ $f\in \mathbb{C}[\overline{P}])$ ,
$[\overline{\xi},$ $f]=c \partial(\overline{\epsilon}f)+\Sigma_{\overline{a}}\in\overline{R}+\overline{\alpha}(\overline{\xi})\frac{(1-s_{\overline{\alpha}})(f)}{1-e^{-\overline{\alpha}}}\cdot s\overline{\alpha}(\overline{\xi}\in\overline{\mathrm{t}},$ $f\in \mathbb{C}[\overline{P}])$ .








$s_{ij}(:=s\overline{\alpha}_{j}\dot{.})$ $\mapsto$ $(z_{i}rightarrow z_{j})$




$\mathcal{H}$ $V$ $\zeta\in(\mathrm{t}’)^{*}$ , $\zeta$ ($S[\{’1$ )
$V_{\zeta}=$ {$v\in V|\xi\cdot v=\zeta(\xi)v$ for $\xi\in\iota^{J}$ } , $V_{\zeta}$ $v$
.
,





. , $\xi\in \mathrm{e}’,$ $i\in \mathbb{Z}/N\mathbb{Z}$




$\cdot$ $\varphi_{i}\cdot\varphi i+1(i\in \mathbb{Z}/N\mathbb{Z})$ ,
$\varphi_{i}\cdot\varphi_{j}=\varphi_{j}\cdot\varphi_{j}(i-j\neq\pm 1\mathrm{m}\mathrm{o}\mathrm{d} N)$ ,
$\varphi_{\pi}\cdot\varphi_{i}=\varphi_{i1}+\cdot\varphi\pi(i\in \mathbb{Z}/N\mathbb{Z})$ ,
$\varphi_{i}^{2}=1-\alpha^{\vee^{2}}i(i\in \mathbb{Z}/N\mathbb{Z})$ .
, $w=\pi^{k}\cdot S_{j_{1}}\cdots s_{jl}\in W$ ( ) ,
$\varphi_{w}=\varphi_{\pi}^{k}\cdot\varphi j1\ldots\varphi_{j_{l}}\in \mathcal{H}$ ,
$w$ . , (2) ,
$\varphi_{w}’\cdot\xi=w(\xi)\cdot\varphi_{w}(w\in W, \xi\in \mathrm{t}’)$ (3)
. ,
252. $\mathcal{H}$ $V,$ $\zeta\in(\mathrm{t}’)*,$ $w\in W$ , $v\in V_{\zeta}$ , $\varphi_{w}\cdot v\in V_{w(\zeta)}$
.
$\varphi_{w}$ ( ) .








(1) , $w=\pi^{k}sj_{1}Sj_{2}\ldots s_{j\iota}$ ( ) ,
$S(w..)=\{sjl. . .s_{j_{2}}(\alpha_{j_{1}}), s_{j\iota}\cdot. .s_{j_{3}}(\alpha_{j_{2}}), \ldots, \alpha_{j_{l}}\}$
. (2) 25.1 .
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3. $\overline{\mathcal{H}}$
3.1. )$1$ $\epsilon l_{m}(\mathbb{C})$ v , $\overline{\mathfrak{h}}$ $\overline{\mathfrak{g}}$ , $(X, Y)_{\overline{9}}=\mathrm{t}\mathrm{r}xY$
, $6^{*}$ 6 . , $(\overline{\mathrm{e}}^{(m)})^{*}=\oplus_{i=1}^{m}\mathbb{C}\overline{\epsilon}_{i}(m)$ $\mathfrak{g}\mathfrak{l}_{m}(\mathbb{C})$
, $\mathrm{t}\lambda=\Sigma_{i=}^{m_{1i}}\lambda i\overline{\epsilon}\langle m)|\Sigma_{i=1}^{m}\lambda_{i}=0\}$
- ( $(\overline{\mathrm{t}}^{(m)})^{*}$ ).
, $\overline{\mathfrak{g}}$ , + . ,
$\overline{\mathfrak{g}}=\overline{\mathfrak{h}}\oplus(\oplus_{a\in}R\overline{\emptyset}\overline{\mathfrak{g}}_{a})$ $\overline{\mathfrak{g}}$ }$\backslash$ , $\{E_{a}\in\overline{\mathfrak{g}}_{a}|a\in h\}$
$(E_{a}, E_{-a})_{\overline{g}}=1$ . $H_{1},$ $\ldots,$ $H_{m-1}\in$ ,
$H^{1},$
$\ldots,$
$H^{m-1}$ $(, )$ $\overline{\mathfrak{h}}$ . $\overline{\mathfrak{h}}\cong\overline{\mathfrak{h}}^{*}$ $H^{i}$
- . , $\rho_{\overline{\mathrm{g}}}=\frac{1}{2}\Sigma_{a}\in R_{\overline{9}+}a$ .
32. j $r$ .
$\overline{r}=\frac{1}{2}\sum_{1i=}^{m-}H_{i}\otimes 1H^{i}+a\in R\sum_{+\overline{\mathfrak{g}}}E_{a^{\otimes}}E_{-a}\in_{\overline{9}}\otimes\overline{\mathfrak{g}}$ . (4)
, $\{J_{k}\}k=\forall \mathrm{d}\mathrm{i}$ $\overline{\mathfrak{g}}$ , $\{J^{k}\}_{k}^{\dim_{\overline{9}}}=1$ , $\Omega$ :=\Sigma kdi= $J_{k}\otimes J^{k}$
,
$\Omega=\overline{r}+P(\overline{r})$ (5)
$(P(X\otimes Y)=\mathrm{Y}\otimes X)$ .
, $x=\Sigma_{k}X_{k}\otimes \mathrm{Y}_{k}(X_{k}, Y_{k}\in\overline{\mathfrak{g}})$ $x_{1,2}=x\otimes 1,$ $x_{2,3}=1\otimes X,$ $X1,3=$
$\Sigma_{k}X_{k}\otimes l\otimes \mathrm{Y}_{k}$ .
. 3.2.1. ( . )
. .
$[\overline{r}_{1,2},\overline{r}_{2,3}]+[\overline{r}_{1,3},\overline{r}_{2,3}]+[\overline{r}_{1,2},\overline{r}_{1,3}],=0$
3.3. M$\circ$d $(\overline{\mathfrak{g}})$ , Fin $(\overline{\mathfrak{g}})$
. , $P_{\overline{\mathrm{g}}}$ , $\text{ }$ $P_{\overline{\mathrm{g}}^{+}}$ .
$\overline{\lambda}\in\overline{\mathfrak{h}}^{*}$ , $\overline{M}(\overline{\lambda})$ $\overline{g}$ \iota $\overline{\lambda}$ – , $\overline{M}^{*}(\overline{\lambda})$ $\text{ }$
\mbox{\boldmath $\lambda$}- –7 , $V(\overline{\lambda}),$ $V^{*}(\overline{\lambda})$ . ,
$V(\overline{\Lambda}_{1})=\mathbb{C}^{m}$ . $\overline{\mathfrak{g}}$ $V$ , $(V)_{\overline{\lambda}}$ $\in\overline{\mathfrak{y}}*$
.
3.4. ,
$\overline{F}(A, B)=(A\otimes V_{\square }^{\otimes N}\otimes B)/\overline{\mathfrak{g}}(A\otimes V_{\square }^{\otimes N}\otimes B)$ $(A, B\in \mathrm{M}\mathrm{o}\mathrm{d}(\overline{\mathfrak{g}}))$ . (6)
. , $A\otimes V_{\square }^{\otimes N}\otimes B$ $\overline{\mathfrak{g}}$ .
, $\overline{W}$ $A\otimes V_{\square }^{\otimes N}\otimes B$
$\mathcal{T}_{2}(w)(v0\otimes v1^{\otimes}\ldots\otimes v_{N^{\otimes v))}}N+\iota=v_{0}\otimes v_{w\mathrm{t})^{\otimes\cdots\otimes\otimes v}}1v_{w}(NN+1$ (7)
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$(v_{0}\in A, v_{1}, \ldots, v_{N}\in V_{\square }, v_{N+1}\in B)$ $\overline{\mathfrak{g}}$ , $\overline{F}(A, B)$
, $\tau_{2}$ .
3.5. $A\otimes V^{\otimes N}\coprod\otimes B$ $y_{i}(i=1, \ldots, N)$ .
$y_{i}= \{_{0\leq}\sum_{<ji}(\iota_{i}\otimes \mathrm{t}_{j()}\overline{r}+\frac{1}{2m})-\sum_{ji<\leq N+1}(\iota_{j}\otimes\iota_{i}(\overline{7^{\cdot}})+_{\frac{1}{2m}})+\iota i(\rho_{\overline{g}}^{\mathrm{v}})-\frac{1}{2m}(m2-N)$
. $\cdot$ $\ovalbox{\tt\small REJECT}$
, $\iota_{i}(X)=1\otimes 1\otimes\cdots\otimes 1\otimes X\otimes 1\otimes\cdots\otimes 1$ . , 3.2.1
.
35.1.




(2) $i=1,$ $\ldots,$ $N$ ,
$y_{i}\cdot\overline{\mathfrak{g}}(A\otimes...V.\otimes N\otimes\square B)\subset\overline{\mathfrak{g}}(A\otimes V\otimes N\otimes\square B)$ $(A,$ $B\in \mathrm{M}\mathrm{o}\mathrm{d}(_{\overline{9}))}$ .
, , $\overline{\mathcal{H}}$ $\sigma:\overline{\mathcal{H}}arrow \mathrm{E}\mathrm{n}\mathrm{d}(\overline{F}(A, B))$ .
, $\overline{\lambda},\overline{\mu}\in\overline{\mathfrak{h}}^{*}$





, $\mathrm{w}\mathrm{t}(V^{\otimes N})\square$ $V_{\square }^{\otimes N}$ , $\overline{\lambda.}-\overline{\mu}\in \mathrm{w}\mathrm{t}(V\square ^{\otimes N})$ .
3.6. $\overline{\lambda}=\Sigma_{i=}^{m_{1}}\overline{\lambda}i\overline{\epsilon}i’\overline{\mu}=\Sigma^{m}i=1\overline{\mu}i\{m$) $\overline{\epsilon}_{i}^{()}m$ , $N$
5 $Y_{\overline{\mu},\overline{\lambda}}$ .
$Y_{\overline{\mu},\overline{\lambda}}= \{(i,j)\in \mathbb{Q}^{2}|i=1, \ldots, m;j=\overline{\mu}_{j}+1,\overline{\mu}_{j}+2, \ldots,\overline{\lambda}_{j}+\frac{\mathit{1}\mathrm{V}}{m}\}$ . (8)
( $\overline{\lambda}-\overline{\mu}\in \mathrm{w}\mathrm{t}(V_{\square ^{\otimes N}})$ , $\overline{\lambda}_{j}+\frac{N}{m}-\overline{\mu}_{j}\in \mathbb{Z}$ ).
, $T(\mathrm{Y}_{\overline{\mu},\overline{\lambda}})$ $\mathrm{Y}_{\overline{\mu},\overline{\lambda}}$ \Phi
$\{T:\mathrm{Y}_{\overline{\mu},\overline{\lambda}}\ni(i, j)\mapsto T(i, j)\in\{1, \ldots, N\},$
$\text{ }\}$
5skew Young diagrarn .$\cdot$
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$w$ $\mapsto$ $wT_{0}$ : $(i, j)\mapsto w(T_{0}(i, j))$ ,
$\overline{W}$ – . $T_{0}(i,j+1)=T_{0(i},j)+1((i,j),$ $(i,j+1)\in Y)\overline{\mu},\overline{\lambda}$






, $\{u_{i}\}_{i1,\ldots,m}=’ v(\overline{\mu})$ $\overline{M}(\overline{\mu})$
, $v(\overline{\lambda})^{*}$. *(\mbox{\boldmath $\lambda$}-) , $v(\overline{\mu})\otimes V_{\square }^{\otimes N}\otimes V^{*}(\overline{\lambda})$
$v( \overline{\mu})\otimes^{\frac{\beta_{1}}{u_{1}\otimes\cdots\otimes u_{1}}}\otimes^{\frac{\beta_{2}}{u_{2}\otimes\cdots\otimes u_{2}}}\otimes\cdots\otimes\frac{\beta_{m}}{u_{m}\otimes\cdots\otimes u_{m}}\otimes v(\overline{\lambda})^{*}$
(10)
$(\overline{\mu},\overline{\lambda}),\overline{\mathcal{V}}(\overline{\mu},\overline{\lambda})$ $v(\overline{\mu},\overline{\lambda})\text{ }$ . , $\sqrt i$ $Y_{\overline{\mu},\overline{\lambda}}$
$i$ .












, $\mathbb{C}_{\overline{\zeta}_{\overline{\mu},\overline{\lambda}}}$ , $\overline{\xi}\in\overline{\mathrm{t}}$ $\overline{\zeta}_{\overline{\mu},\overline{\lambda}}(\overline{\xi})\mathrm{i}\mathrm{d}$ 1 $\overline{\mathcal{H}}_{\beta_{1^{\otimes\cdots\otimes}}}\overline{\mathcal{H}}\rho_{m}$ .
, 25.3 3.6.1 .
182





(1) $\overline{\mathcal{H}}$ $(\overline{\mu},\overline{\lambda})$ ( ), $\overline{\mu},\overline{\lambda}\in P_{\overline{g}}^{+}$ ,
$\overline{\mathcal{V}}(\overline{\mu},\overline{\lambda})$ – .
(2) (5) , $A\otimes V_{\square }^{\otimes N}\otimes B$ ,
$y_{i}\equiv x_{0}\otimes l_{i}(\Omega)+\Sigma_{j<i}\mathcal{T}_{2}(_{S_{ij}})$ $(\mathrm{m}\mathrm{o}\mathrm{d} \overline{\mathfrak{g}}(A\otimes V_{\square }^{\otimes N_{\otimes}}B))$ (11)
.
(3) $\overline{\epsilon}_{i}^{\vee}\in\overline{\mathcal{H}}$ $V(\overline{\mu})\otimes V^{\otimes N}\coprod$
,
$\overline{\iota}\nearrow_{(\overline{\mu})\otimes}V^{\otimes N}\square \cong\bigoplus_{\in\overline{\lambda}P_{\epsilon}\pm}\overline{\mathcal{V}}(\overline{\mu},\overline{\lambda})\otimes V(\overline{\lambda})$
(12)




(4) $\overline{\mathcal{H}}$ $\overline{\mathcal{V}}(\overline{\mu},\overline{\lambda})(\overline{\mu},\overline{\lambda}\in P_{\overline{g}}^{+})$ Drinfel’d ( 244
) [7] tame -
$([8|)$ .
3.8. Mod $(\overline{\mathcal{H}})$ $\overline{\mathcal{H}}$ $\text{ },$ $\mathrm{T}\mathrm{a}\mathrm{m}\mathrm{e}(\overline{\mathcal{H}})$ $\overline{\mathrm{t}}$
. 372 $\overline{\mathcal{V}}(\overline{\mu},\overline{\lambda})\in \mathrm{T}\mathrm{a}\mathrm{m}\mathrm{e}(\overline{\mathcal{H}})$ .






, 3.72 [9] .
3.8.1. $V\in \mathrm{T}\mathrm{a}\mathrm{m}\mathrm{e}(\overline{\mathcal{H}})$ .
$\overline{\mathcal{H}}\otimes_{\overline{\mathcal{H}}_{N}\otimes\cdots\otimes\overline{\mathcal{H}}_{N_{k}}}(\overline{\mathcal{V}}(\overline{\mu}^{()},\overline{\lambda}1(1))a_{1^{\otimes}}\ldots\otimes\overline{\mathcal{V}}(\overline{\mu},\overline{\lambda}(k))_{a}(k))k$ .
. . . $arrow$
, $\overline{\lambda}^{(i)}-\overline{\mu}^{()}i\in \mathrm{w}\mathrm{t}(V^{\otimes}N;)\square ’ a_{i}\in \mathbb{C}$ $a_{i}-a_{j}\not\in \mathbb{Z}$ .
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3.9. ,
$\overline{\mathcal{F}}$ : Mod $(\overline{\mathfrak{g}})\cross \mathrm{M}\mathrm{o}\mathrm{d}(\overline{\mathfrak{g}})$ $arrow$ Mod $(\overline{\mathcal{H}})$
$\cup\cdot$ $\cup$
Fin $(\overline{\mathfrak{g}})\cross \mathrm{F}i\mathrm{n}(\overline{\mathfrak{g}})$ $arrow \mathrm{T}\mathrm{a}\mathrm{m}\mathrm{e}(\overline{\mathcal{H}})$
. , $\overline{\mu}\in P_{\overline{\mathfrak{g}}}^{+}$ .




, , $\overline{\mathcal{M}}(\overline{\mu},\overline{\lambda})=\overline{F}_{\mu}(M^{*}(\overline{\lambda}))$ . , .
3.92. $\overline{\mu}$ , .
$\bigwedge_{\urcorner}$ ,
$\overline{X}^{*}(\overline{\lambda})$ : $\mathrm{O}arrow V^{*}(\overline{\lambda})arrow\overline{C}_{0}arrow\overline{C}_{1}arrow\cdotsarrow\overline{C}_{\frac{m(m-1)}{2}}arrow 0$ (13)
$V^{*}(\overline{\lambda})$ BGG . , $\overline{C}_{i}=\oplus w\in w_{\overline{s}}\overline{M}^{*}(w\cdot\lambda)$ , $\overline{\mathfrak{g}}$
$\mathrm{t}(w)=i$
, $w\cdot\lambda=w(\lambda+\rho_{\overline{\mathrm{g}}})-\rho\overline{\mathrm{g}}$ .





$\overline{\mathfrak{g}}$ , $\mathfrak{g}$ $0$ $\mathbb{C}[z, z^{-1}]\otimes V_{\square }$
, gxQ $A,$ $B$ , $M:=A\otimes(\otimes^{N}i=1(\mathbb{C}[z_{i}, z_{i}^{-1}]\otimes V_{\text{ }))\otimes B}$
$F(A,B)=M/\mathfrak{g}’M$
$(\mathfrak{g}’=[\mathfrak{g}, \mathfrak{g}|)$ . ,




4.1. $\overline{\mathfrak{g}}$ $\mathfrak{g}$ : $\mathfrak{g}=\overline{\mathfrak{g}}\otimes \mathbb{C}[t, t^{-1}]\oplus \mathbb{C}c_{\emptyset 9}\oplus \mathbb{C}d$ .
, $c_{\mathfrak{g}}$ $\mathfrak{g}$ , $d_{\mathfrak{g}}$ $([d_{9}, x\otimes t^{n}]=nX\otimes t^{n})$ ,
, $\mathfrak{h}=\overline{\mathfrak{y}}\oplus \mathbb{C}C_{\mathfrak{g}\mathfrak{g}}\oplus \mathbb{C}d$ $\mathfrak{g}$ . $\mathfrak{g}=\mathfrak{n}_{+}\oplus \mathfrak{h}\oplus \mathfrak{n}_{-}$ $\mathfrak{g}$
. , =[ $\mathfrak{g}|=\overline{\mathfrak{g}}\otimes[t.’ t^{-1}]\oplus.\mathbb{C}C_{9}$ . $\mathfrak{g}$ $\mathrm{r}$
: . ... .
$r= \overline{r}+\frac{1}{2}(d_{\mathrm{g}\mathfrak{g}}\otimes c+c_{\mathfrak{g}^{\otimes}}d_{\mathfrak{g}})+\sum_{k=\mathrm{l}}\mathrm{d}:\mathrm{m}\overline{\mathrm{g}}n\geq\sum 1(J_{k}\otimes tn)\otimes(J^{k_{\otimes t}}-n)$. (14)
, $\overline{r}$ (4) $\overline{\mathfrak{g}}$ $\mathrm{r}$ .
$\mathfrak{g}$ M , $\mathfrak{g}$ $c_{g}\text{ }$ M , p , M \ell
. $\mathbb{C}[z,$ $z^{-1}|\otimes$ , $X\otimes f(t)\mapsto f(z)\otimes X,$ $d_{\mathrm{g}} \mapsto z\frac{\partial}{\partial z}\otimes id$ , $\mathfrak{g}$
$0$ . $\mathbb{C}[\overline{P}]=\mathbb{C}[z_{1’ N}^{\pm 1}\ldots, z^{\pm N}]$ – ,
$\otimes_{i=1}^{N}(\mathbb{C}[Z_{i}, z_{i^{-1}}]\otimes V_{\square })=\mathbb{C}[\overline{P}]\otimes V_{\square }^{\otimes N}$ .
$\mathfrak{g}$ .
, p , $\mathcal{O}_{\mathrm{g}}$ (P)( $\mathcal{O}_{\mathcal{B}^{*}}(P)$ ) , $\ell(-\ell)\mathfrak{g}$
, $\mathfrak{n}_{+}(\mathfrak{n}_{-})$ , , $\mathfrak{h}$
$\mathfrak{g}$ . $P$ *(\ell ) $=\{\lambda\in \mathfrak{y}*|h(c_{\mathfrak{g}})=\ell\}$
, $\lambda\in \mathfrak{h}^{*}(P)$ , $\lambda$ – $M(\lambda)$ ,
\mbox{\boldmath $\lambda$} —7 $M^{*}(\lambda)$ , $O_{\mathrm{g}}(p)$ $O_{\mathfrak{g}}^{*}(\ell)$
. $\ell$ +(\ell ) . p
$P_{\mathrm{g}^{+}}(P)$ .
4.2. $\mathfrak{g}$ $A\in \mathcal{O}_{\mathrm{g}}(\ell)\text{ }$
.
$B\in O_{\mathrm{g}}^{*}(\ell)$ ,
$F(A, B)=A\otimes \mathbb{C}[\overline{P}]\otimes V_{\square }^{\otimes N}\otimes B/9’(A\otimes \mathbb{C}[\overline{P}]\otimes V_{\square }^{\otimes N}\otimes B)$ (15)
, H .
, H $\mathbb{C}[W]=\mathbb{C}[\overline{W}]\otimes \mathbb{C}[\overline{P}]$ :
$\mathbb{C}[\overline{P}|$ , , $\overline{W}$ . \tau 1 . $-$
, $V^{\otimes N}\text{ }\overline{W}$ \tau 2 ( (7)), $A\otimes \mathbb{C}[\overline{P}]\otimes V_{\square }^{\otimes N}\otimes B$
W , $\tau=\mathrm{i}\mathrm{d}_{A}\otimes(\tau_{1}\otimes\tau_{2})\otimes \mathrm{i}\mathrm{d}_{B}$ . , $\mathbb{C}[\overline{P}]$
, $A\otimes \mathbb{C}[\overline{P}|\otimes V_{\square }\otimes N\otimes B$ . , $\mathbb{C}[\overline{P}]$
, $\mathfrak{g}$ , $F(A, B)$ $\mathbb{C}[W]$ . ,
$\mathcal{H}=\mathbb{C}[W]\otimes S[\{’]$ , $\mathcal{F}^{\cdot}(A, B)$ $\mathcal{H}$ , $s[\mathrm{e}^{J}|$
.
4.3. $\mathfrak{g}$ r $\mathrm{K}\mathrm{Z}$ . $\mathrm{K}\mathrm{Z}$ $F(A, B)$
, , .
$X=$ (C*)N\{ $i\neq i$ $z_{i}=z_{j}$} (16)
, $\mathcal{R}(X)$ X . $\mathbb{C}[\overline{P}]\subset \mathcal{R}(X)$ , $\mathbb{C}[\overline{P}]\otimes V\square \otimes N$
$\mathfrak{g}$ R(X)\otimes V
$\square$
\otimes N . $F(A, B)$
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, $A\otimes \mathcal{R}(X)\otimes V_{\Pi}^{\otimes N}\otimes B/\mathfrak{g}$ , $\mathbb{C}[W]$
. $\iota_{j}$ : $\mathfrak{g}arrow \mathfrak{g}^{\otimes(N+2)}$ $j+1$ ,
$A\otimes \mathcal{R}(X)\otimes V_{\square }^{\otimes N}\otimes B/\mathfrak{g}$ :
$r_{(0,i)}=\mathrm{t}_{0^{\otimes\iota(r)}}i,$ $r_{(i},N+1)=\iota i^{\otimes(r)}\iota N+1$ $(1\leq i, \leq N)$ , (17)
$r(i,j)= \iota i\otimes\iota_{j}(\overline{r})+\frac{z_{i}/z_{j}}{1-z_{i}/z_{j}}li\otimes?j(\Omega)$ $(1 \leq i<j\leq N)$ . (18)
$\{|z_{i}|<|z_{j}|\}$ , $r_{(i,j)}=\mathrm{t}_{i}\otimes\iota_{j}(r)$ ,
. $i=1,$ . . ;’N , $\mathrm{K}\mathrm{Z}$ $\nabla_{i}\in \mathrm{E}\mathrm{n}\mathrm{d}_{\mathbb{C}}(A\otimes \mathcal{R}(X)\otimes V_{\square }^{\otimes N}\otimes B)$
$\nabla_{i}=\sum_{j=0}^{\dot{i}-}r(j,i)-\sum_{1j=i+}^{N1}r(i,j)+\iota_{i}(m1+. d+\rho)\mathrm{g}\overline{\mathrm{g}}$ (19)
. r ([10] ) 43.1 432
, ([2]):
4.3.1. :
$[\nabla_{i}, \nabla_{j}]=0$ $(1 \leq i,j\leq N)$ , (20)
$\tau(w)\nabla i^{\mathcal{T}(}w-1)=\nabla w(i)$ $(w\in\overline{W})$ , (21)
$[\nabla_{i}, f]=(l+m)\partial_{i}f$ $(f\in \mathbb{C}[P])$ . (22)
4.3.2. $\mathrm{K}\mathrm{Z}$ $\nabla_{i}(i=1, \ldots, N)$ $\mathfrak{g}’$ ($A\otimes \mathcal{R}(X)\otimes$ N\otimes B) :
$\nabla_{i}\mathfrak{g}’(A\otimes \mathcal{R}(X)\otimes V_{\square }^{\otimes N}\otimes B)\subset \mathfrak{g}’(A\otimes \mathcal{R}(X)\otimes V_{\square }^{\otimes N}\otimes B)$ . (23)




$D_{\overline{\xi}}= \nabla_{\overline{\xi}}+\sum_{\overline{\alpha}\in\overline{R}+}\overline{\alpha}(\overline{\xi})\frac{1-\tau(s_{\overline{\alpha}})}{1-e^{-\overline{\alpha}}}-\rho(\overline{\xi})-\frac{1}{2m}((m-1)\partial_{\overline{\xi}}\log G+m-N)2$ (25)
, A\otimes R(X)\otimes V$\square$\otimes N\otimes B . , $\nabla_{\overline{\xi}}=\Sigma_{i=}^{N}1(\overline{\xi},\overline{\epsilon}i)\nabla_{i}$ , ,
$G=\square _{\overline{\alpha}\in R}(1-e^{\overline{\alpha}})\in \mathbb{C}[\overline{P}]$ . , .
4.4.1. $D_{\overline{\xi}}$ $A\otimes \mathbb{C}[\overline{P}]\otimes V_{\square }^{\otimes N}\otimes B$ .
, $D_{\overline{\xi}^{\}\lambda,D}\overline{\xi}}\sigma$) $\mathrm{E}-\text{ }(24)$ , $\kappa\partial_{\overline{\xi}}\mapsto\nabla,$ $\tau_{2}\mapsto\tau$







$w$ $\mapsto$ $\tau(w)$ $(w\in\overline{W})$
(26)
$f$ $\mapsto$ $f$ . $(f.\in \mathbb{C}[P])$
$c$ $\mapsto$. $\ell+m$
, A\otimes C[P-]\otimes V7$\square$\otimes \otimes \otimes N\otimes B H .
, 432 , .
44.3. 442 $\mathcal{H}$ , $\mathfrak{g}’(A\otimes \mathbb{C}[\overline{P}]\otimes$
$V_{\square }^{\otimes N}\otimes B)$ H . , $\mathcal{F}(A, B)$ H .
\mbox{\boldmath $\kappa$}\neq 0 , $\mathcal{H}(\kappa)=\mathcal{H}/\langle c=\kappa\rangle$ ( 242) , $\mathcal{H}(\kappa)$
Mod $(\mathcal{H}(\kappa))$ . $\mathcal{H}(\kappa)$ , $c\in Z(\mathcal{H})$ \mbox{\boldmath $\kappa$}\in C*
H , – . 443
,
$\mathcal{F}:\mathcal{O}_{\mathfrak{g}}(p_{)}\cross \mathcal{O}_{9^{*}}(P)arrow \mathrm{M}\mathrm{o}\mathrm{d}(\mathcal{H}(\ell+m))$ (27)
.
4.5. $\mathfrak{g}$ $\lambda,$ $\mu\in \mathfrak{h}^{*}(p)$ ,
$\mathcal{M}(\mu, \lambda)=F(M(\lambda), M^{*}(\mu))$ , $\mathcal{V}(\mu, \lambda)=F(L(\lambda), L^{*}(\mu))$ (28)
, , H .
$L(\lambda),$ $L^{*}(\lambda)$ , ,M(\mbox{\boldmath $\lambda$}), $M^{*}(\lambda)$ . .
$\mathfrak{g}$
$\lambda$ , \mbox{\boldmath $\lambda$} , $\overline{\lambda}=\lambda|_{\overline{\mathfrak{h}}}\in\overline{\mathfrak{y}}*$ .
?? .
4.5.1. $\mathfrak{g}$ $\lambda,$ $\mu$ $\mathcal{H}(\kappa)$
$\mathcal{M}(\mu, \lambda)$
.
$\cong_{\mathcal{H}}(\kappa)\otimes\overline{\mathcal{H}}\overline{\mathcal{M}}(\overline{\mu},\overline{\lambda})\cong \mathcal{H}(\kappa)\otimes_{\overline{\mathcal{H}}}\mathbb{C}_{\overline{\zeta}}\rho_{\text{ }^{}\otimes\cdots\otimes\overline{\mathcal{H}}}\rho_{m}\overline{\mu},\overline{\lambda}$ (29)
, $\overline{\mathcal{M}}(\overline{\mu},\overline{\lambda})$ R , $(\sqrt 1\cdots , \beta_{m})\text{ }\overline{\lambda}$ , $\overline{\mu}$ N .
, 352 , ,
$\mathcal{M}(\mu, \lambda)\cong \mathbb{C}[\overline{P}]$
.
$\otimes(V\square ^{\otimes N})_{\overline{\lambda}-\overline{\mu}}$ (30)
. H $\mathcal{M}(\mu, \lambda)$ , H
. \mbox{\boldmath $\lambda$}, $\mu$ generic , $\mathcal{M}(\mu, \lambda)=\mathcal{V}(\mu, \lambda)$
, 3.7.2 , $\mathcal{M}(\mu, \lambda)$ H , . . $\text{ }$
, , $\lambda,\mu$ , generic
, . , , ,
, , . 373 ,
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$($ \mu -, $\overline{\lambda})$ – V $($ \mu -, $\overline{\lambda})$ .
, $\mathcal{M}(\mu, \lambda)$ , $\mathcal{V}(\mu, \lambda)$ :
4.5.2. $\lambda,$ $\mu\in P_{\mathrm{g}^{+}}(\ell)$ , $\mathcal{V}(\mu, \lambda)$ H .
$-$
, $\mathcal{V}(\mu, \lambda)$ , –
, $\mathcal{V}(\mu, \lambda)$ resolution
. , 39.1 ,
4.5.3. $\lambda,$ $\mu\in P_{9^{+}}(\ell)$ , H
$\mathcal{V}(\mu, \lambda)\cong F(L(\mu), M*(\lambda))\cong \mathcal{F}(M(\mu), L^{*}(\lambda))$ . (31)
, : $\mathcal{O}_{9^{*}}(\ell)arrow \mathrm{M}\mathrm{o}\mathrm{d}_{l+}m(\mathcal{H})$ , $\mathcal{F}_{\mu}(B)=\dot{\mathcal{F}}\cdot(M(\mu),.B)$
, .
$\mathcal{F}_{\mu}(M^{*}(\lambda))=\mathcal{M}(\mu,\lambda)$ , $\mathcal{F}_{\mu}(L^{*}(\lambda))=v(\mu, \lambda)$ (32)
. 3.9.3 ,
45.4. $\lambda,$ $\mu\in P_{\mathrm{g}}^{+}(P)$ , $L^{*}(\lambda)$ BGG ,
$\mathcal{F}_{\mu}$ H .
.
4.6. , 25 H , X\acute 454
. $\overline{W}$ $V$ , $V^{\overline{W}}:=\{v\in V|w(v)=$
$v\forall w\in\overline{W}\}$ . H ( ) , $\overline{\mathcal{H}}^{\overline{W}}=S[\overline{\mathrm{t}}]^{\overline{W}}$
. , $\mathcal{H}(\kappa)$
C[P]( 249 ) . , H $\mathcal{M}(\mu, \lambda)$ $\mathrm{A}\mathrm{a}$ ,
$\overline{\lambda}_{0}=N\overline{\Lambda}_{1},\overline{\mu}0=0$ $\lambda_{0},$ $\mu_{0}\in^{\mathfrak{y}}*(\ell)$ : $\mathcal{M}(\mu_{0}, \lambda_{0})\cong \mathbb{C}[P^{\infty}]6$
( \mbox{\boldmath $\kappa$} $=p+m$). $S[\overline{\{}]^{\overline{W}}$ , C[P]W ,





, $\overline{P}^{-}$ , , $Q_{+}=\Sigma_{w\in\overline{W}}w$ .
) p ’, [-t
$\mathcal{M}(\lambda, \mu)$ (33) – . , $\overline{\lambda}-\overline{\mu}\in \mathrm{w}\mathrm{t}(V_{\coprod}^{\otimes N})$
$\mathfrak{g}$ $\mu,$
$\lambda$ , \mbox{\boldmath $\lambda$}, $\overline{\mu}$ $Y_{\overline{\mu},\overline{\lambda}}$





N \beta $($ \mu -, $\overline{\lambda})$ , , $Y,$ $\beta=(\beta_{1}, \ldots, \sqrt m)$ . (30)
, $\mathcal{M}(\mu, \lambda)$ $\mathcal{M}(\mu, \lambda)^{\overline{W}}$ :
$\mathcal{M}.(\mu, \lambda)^{\overline{W}}\sim.\cdot.’-.\cdot.-.\cong..\mathbb{C}.\cdot.[\overline{P}]^{\overline{W}}.\beta\cong \mathbb{C}[-:..\overline{P}_{\beta 1}].\overline{W}_{\beta_{1.\otimes}}..\cdot..\cdot\cdot.\mathbb{C}[\otimes\overline{P}\beta m]^{\overline{W}_{\beta m}}$ (34)
$\mathbb{C}[\overline{P}_{\beta_{k}}]=\mathbb{C}[z_{1,:}. . , z\beta k]-$. , $\mathbb{C}[P]^{\overline{W}}$\beta ,
S W , , $\mathbb{C}[\overline{P}]^{\overline{W}_{\beta}}$
, . $\lambda$ , \mu generic ,
(33) ,
$\mathcal{M}(\mu, \lambda)^{\overline{W}}=\oplus$ $\oplus$ $\mathbb{C}Q_{+}(\varphi_{t_{\eta}\sigma\tau}v(\mu, \lambda))$ . (35)
$\eta\in\overline{P}^{-}T\in \mathcal{T}(\mathrm{Y})$
. , $v(\mu, \lambda)$ (10) $\mathcal{M}(\mu, \lambda)$
, $\sigma_{T}$ $T\in \mathcal{T}(Y)$ ,
, . , \mbox{\boldmath $\lambda$},\mu $\mathcal{M}(\mu, \lambda)$
. , $\mathcal{M}(\mu, \lambda)^{\overline{W}}$ (33)
. , $\mathcal{V}(\mu, \lambda)$
, 454 , :
$v(\mu, \lambda)\overline{W}=\oplus$ $\oplus$ $\mathbb{C}Q_{+}(\varphi_{t_{\eta}\sigma}T(v\mu, \lambda))$ . (36)
$\eta\in\overline{P}^{-}T\in \mathcal{T}_{\S}(^{\ell)}(Y)$
, $\mathcal{T}_{s}^{(}\ell$ ) $(Y)$ $\mathcal{T}_{s}(Y)$ .
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